The two-di men sional fluid flow and heat trans fer in a cir cu lar tube heat exchanger with two el lip tic ob sta cles at the back is stud ied nu mer i cally. The com pu ta tional do main con sists of a cir cu lar tube and two el lip tic ob
across the uni form flow. In his stud ies, the us ing of vor tex gen er a tor ob sta cles in the heat exchanger has been in ves ti gated for tri an gu lar and rect an gu lar ob sta cles [7] [8] [9] .The most im portant ob ser va tion from these stud ies is that the large ed dies are re spon si ble for much of the transport of mo men tum, heat and mass. The flow pat terns in the base re gion and near the wake of a cir cu lar cyl in der show a high level of mix ing but have not been stud ied in de tail yet. In the above stud ies, via nu mer i cal so lu tion of gov ern ing equa tions in fluid me chan ics and heat trans fer that are kind of par tial dif fer en tial equa tions (PDE), sys tem of lin ear dif fer en tial equa tions has solved in the do main of in ter est. It is very im por tant how to con vert con tin u ous do main of in terest to dis crete do main, as it plays an im por tant role in solv ing of the gov ern ing equa tions. Further more, ap ply ing bound ary fit ted grids is an ef fec tive method for grid gen er a tion [10] . In this sys tem, the phys i cal spa tial do main can be con verted to the Car te sian uni form spa tial do main with out any con cern about its ge om e try.
Prob lem state ment

Ge om e try
Most of the com plex heat exchangers use cir cu lar sec tion tubes, through which first fluid passes while the sec ond fluid passes over the out side sur face of the tubes. In this study, a heat exchanger with cir cu lar tube is con sidered. There are also two el lip tic ob stacles that are sit u ated af ter the tube, such that the an gle be tween their centerlines and the di rec tion of free com ing fluid flow is 45 de grees. The tube and two ellip tic ob sta cles are shown sche mat ically in fig. 1 . The pre ced ing and follow ing edges of the ob sta cles are con sid ered aero dy namic to achieve better nu mer i cal re sults.
Gov ern ing equa tions
The gov ern ing equa tions are the mass, mo men tum, and en ergy equa tions which were sim pli fied in ac cor dance with the as sump tions of two di men sional, in com press ible, steady-state flow, con stant prop er ties and New to nian fluid. Con sid er ing men tioned as sump tions, the govern ing equa tions would be as fol lows: In the above equa tions, f is a gen eral de pend ant vari able, G f is dif fu sion co ef fi cient, and s f is the source term. The two lat ter terms are vari ables de pend on f. The f, gen eral de pendant vari able, is used in stead of ve loc ity and tem per a ture in the sec ond equa tion. Above equations can be re writ ten into non-di men sional forms as:
Fol low ing re la tions have been used for non-dimensionalization:
where L is spec i fied length, r 4 is den sity of free fluid, u 4 is ve loc ity of free fuid, T 4 is base temper a ture, and T w is wall tem per a ture. Star sym bols have been omit ted in eqs. (3) to (6) . Dimensionless num bers are also con sid ered as fol lows:
The gov ern ing equa tions turn to dis crete equa tions and re sulted equa tions are solved in the com pu ta tional do main. For cal cu lat ing the Nusselt num ber, which shows the su pe ri or ity of con vec tion or con duc tion heat trans fer, we have used the grade tem per a ture gra di ent as follows:
To study the ef fect of el lip tic ob sta cles on the pres sure losses af ter the heat exchanger's tubes, the pres sure co ef fi cient has used. The pres sure co ef fi cient re lates to the lo cal pres sure as: Bound ary con di tions (a) In let (X = 0) Pro files of ve loc ity, pres sure, and tem per a ture are known in the in let. At the in let, a con stant stream-wise ve loc ity has been used with other com po nents of ve loc ity be ing set to zero and the tem per a ture dis tri bu tion is also con stant.
At out let, the gra di ent of the vari ables are set to zero, so a Neumann bound ary con ditions are used for all vari ables.
¶ ¶
(c) Lat eral bound aries (y = -H, y = +H) At lat eral bound aries, we ap ply the sym met ric bound ary con di tions. In this bound ary, the net flow passes through the sym met ric line is set to zero. The ve loc ity com po nent ver ti cal to the bound ary is also set to zero and the gra di ent of other vari ables are con sid ered to be zero.
The no-slip bound ary con di tions has been used for solid walls, so all ve loc ity com ponents are set to zero and also tem per a tures dis tri bu tion on the wall is con sid ered con stant.
Re sults and dis cus sions
From now on, we just use non-di men sional vari ables in the dis cus sions as well as the plots. Fig ures 2 and 3 show the vari a tions of the ver ti cal and hor i zon tal ve loc ity com po nents around the tube of heat exchanger for the case of the Reynolds num ber equals to 120.
The pres sure vari a tion around the tube of heat exchanger when Re = 120 is shown in fig. 4 . The figure shows that the pres sure is grad u ally in creases as the flow reaches the tube of heat exchanger and then the pres sure reaches to its max i mum amount at the front stag na tion point. Also pres sure in creases again grad u ally from the rear stag na tion point to the end of the com pu ta tional do main but the pres sure dif fer ence on the tube of heat exchanger is quite high. In this region the pres sure de creases un til the flow reaches to the high est point of heat exchanger tube (lat eral bound ary of the tube) and then there is an ad verse pres sure gra di ent and then the pres sure in creases. Veloc ity vari a tions of fluid flow near the tube of heat exchanger are vary ing in versely by pres sure vari ations. Ac cord ing to the figs. 2 and 3, ve loc ity com ponents on the sur face of tube de crease and then increase, re spec tively.
The vari a tion of the pres sure co ef fi cient with and with out el lip tic ob sta cle for the case of Re = 300 are shown in figs. 5 and 6. Ac cord ing to the figs. 5 and 6, it is clear that ex is tence of el lip tic ob sta cles leads to higher pres sure co ef fi cient.
The lo cal Nusselt num ber dis trib uted around the tube is shown in figs. 7 and 8, for both cases of with and with out el lip tic ob sta cles for Reynolds num bers of 120 and 300. It can be seen that in case of ex is tence el lip tic ob sta cle, the val ues of Nusselt num ber for the tube are mostly higher than those of the tube with out ob sta cle.
The vari a tion of av er age Nusselt num ber vs. Reynolds num ber for tube sur face for both cases of with and with out el lip tic ob sta cle are shown in figs. 9 and 10, it can be seen that the av er age Nusselt num ber in creases with the pres ence of el lip tic ob sta cle. As an ex am ple, for Re of 300 the av er age Nusselt num ber is about 12% higher than the case of with out ob sta cle with a pen alty in crease in pres sure of about 22%. In ad di tion the very small size of the el lip tic ob sta cle in com par i son with the size of tubes of heat exchanger is no tice able, hence the in crease of pressure losses are mod er ate since the small size of el lip tic ob sta cle. 
Con clu sions
A study on the ef fect of el lip tic vor tex gen er a tors on the lo cal Nusselt num ber for flow around a tube heat exchanger is re ported. The com pu ta tional do main con sists of a cir cu lar tube and two el lip tic ob sta cles that are sit u ated af ter the tube, such that the an gle be tween their centerlines and the di rec tion of free com ing flow is 45 degrees. The mo men tum and en ergy balance equa tions have been writ ten in terms of dimensionless quan ti ties. A nu mer i cal so lu tion based on the fi nite vol ume method was ap plied to solve the Navier-Stokes and en ergy equa tions over the com pu ta tional do main. The fluid flow is as sumed to be lam i nar, in com press ible and steady-state with con stant thermo-phys i cal char ac ter is tics. The lo cal Nusselt num bers in entrance re gion are nu mer i cally cal cu lated and showed in some graphs as a func tion of dimensionless length. It has shown that the av er age Nusselt num ber in creases with pres ence of el lip tic ob sta cle al though it leads to an in crease in pres sure co ef fi cient too.
In the higher Reynolds num bers, es pe cially when the flow is tur bu lent, the ef fects of tur bu lence, tur bu lent wake, and ed dies be hind the tube and around the ob sta cles might play a ma jor role in flow and ther mal fields; so, fur ther study of the sub jected prob lem for higher Reynolds num bers could be con sid ered as a fu ture study and as an ex ten sion of the cur rent work. 
